charged by the PV plant; b) the charge of the battery is not less than a prefixed threshold; c) the supply voltage is just that required from the electrical loads (if the electrical loads have to be fed by DC voltage) or from the DC side of the inverter (if the electrical loads have to be fed by AC voltage). Anyway, stand-alone PV plants are not used for high power.
The second one refers to the PV plants directly connected to the electrical grid of the local energy utility company. In this case, there is no battery because the electrical storage is represented just by the electrical grid. In fact, the energy produced by the PV plants and not simultaneously absorbed by the electrical loads is injected in the electrical grid; then, when the electrical loads require more energy than that produced by the PV plant, the lacking part is taken by the grid. Obviously, all the energy exchanges are regulated by commercial agreement.
Nowadays, it is very common that PV plants are used to contribute to the total energy mix of a whole country o region; in this case the PV plant has high rated power, do not feed local electrical loads (except ancillary services of the PV plant as lighting) and injects all the produced energy in the electrical grid in order to balance the global ratio (absorbed energy)/(produced energy) of the whole electrical grid.
For the aims of this paper only this last typology of PV plants (high-power grid-connected PV plants) is important; then the following sub-sections of this section regard only this specific typology of PV plants. Figure 1 reports the scheme of a single part of a grid-connected multi-inverter PV plant. In fact the maximum rated power for a common photovoltaic inverter is 500 kWp, rarely 1MWp.
COMPONENTS AND OPERATION OF GRID-CONNECTED PV PLANTS
Then, PV plants with rated power higher than 1 MWp have to be designed with some or many inverters which PV modules are connected to. The number of inverters depends on several factors: high partitioning guarantees the partial operation of the PV plant during its maintenance or when a fault has happened, but it implies higher initial investments as well as higher maintenance costs. Then, a large PV plant is constituted by several blocks as in Figure 1 and linked each other as explained in the following. The main constitutive components of a grid-connected multi inverter PV plant are the following:
1.
PV modules, which collect sun's rays and transform them in DC current.
2.
Inverters, which convert the DC waveforms in AC waveforms. 
4.
High Voltage (HV) / MV cabin which links the PV plant to the electrical grid. This last one is needed only for rated power higher than a prefixed threshold;
for example, in Italy this threshold is 6 MWp. As in this paper we will compare PV plant and CSP plant with 40 MW of rated power, then it has to be considered.
Three typologies of radiation collide the PV modules: direct radiation, reflected radiation, diffuse radiation. Depending on the constitutive material of the PV cells, a PV module shows a different efficiency of energy conversion. For example, mono-crystalline cells are more sensible to the direct radiation, whereas thin film cells are more sensible to the diffuse radiation. Nowadays combinations of other materials, such as cadmium, copper, indium, gallium, selenium, and tellurium, are also used to manufacture PV devices (Wolden et al., 2011) . As the mono-crystalline PV modules have the maximum conversion efficiency for commercial PV modules, just this typology of PV modules will be considered in this paper. In this paper a medium efficiency of 17% is considered, even if some PV modules can reach higher values. Efficiency of 17% implies that the maximum peak power of a module is the 17% of the solar radiance.
Inverter for PV plants has specific characteristics other than to convert the DC waveforms in the AC ones. For example, they have internal devices to disconnect the PV plant from the electrical grid when the grid voltage or the grid frequency exceeds prefixed thresholds.
Moreover they have an internal device for tracking the Maximum Power Point (MPP) in order to maximize the production of energy.
Also MV/LV cabin for PV plants has specific characteristics. In fact many countries impose specific conditions to connect a PV plant to the grid. Then the cabin, when you buy it, is often already equipped with all the needed protection devices and the other ancillary services. Often the manufacturer realizes the cabin, complete with inverter, transformer, and so on. Analogous considerations can be made for the HV/MV cabin, if present.
The operation principle is simple. When the sun's rays collide the PV modules, the electrons exceed the conduction gap and a DC electrical current flow through the terminals of the PV module. It happens for each PV module. Several PV modules, connected each other to increase the total peak power, inject DC current in the input port of the inverter, which convert it in AC waveform, suitable for the grid connection. Before the connection it is needed to raise the voltage level; for this aim a MV/LV cabin is needed and, in this specific case, also an HV/MV cabin, because the rated power exceeds the threshold fixed by the energy utility company.
For the energy efficiency point of view, sometimes the whole PV plant is considered as constituted by two parts: PV modules and Balance Of System (BOS). Then, the BOS includes all the components of a PV plant except the PV modules. When this schematization is used, the global efficiency of the PV plant is evaluated taking into account the efficiency of the PV modules and the losses due to the BOS.
CHARACTERISTIC PARAMETERS OF THE PV PLANT
The layout of the PV plant for this paper is the following: twenty series-connected PV modules of 250Wp rated power constitute a single array. One hundred arrays are connected to the DC side of each 500-kWp inverter. Two inverters are linked to a 1MW LV/MV transformer in a single MV/LV cabin. Finally, eighty MV lines are collected in a single HV/MV cabin which allows to inject the AC electrical energy into the grid. Table 1 resumes the parameters of the PV plant.
CSP PLANTS
The CSPs can be categorized into three main technologies, based on the process of collecting and concentrating solar radiation (GLATZMAIER, 2011): a) Parabolic Trough, b) Solar Tower for Central Receiver, c) Parabolic Dish. It exists also a forth technology (Linear Fresnel Reflector), but it is less common than the previous ones.
The first one uses parabolic trough shaped mirrors to concentrate the incident Direct
Normal Irradiation (DNI) onto a receiver tube which is placed at the focal line of the trough. This is the most commercial technology for CSPs because it is the most mature technology. As this technology is considered in the paper, an in depth description is reported in the next subsection.
In Solar Tower technology the solar collector field contains a radial arrangement of several sun tracking large mirrors that concentrate the solar energy onto the receiver placed on the top of a central tower.
The third technology uses a parabolic dish-shaped solar concentrator that concentrates the sunlight onto a receiver placed at the focal point of the dish. The CSP under investigation is constituted by the following main components:
 linear parabolic trough-shaped mirrors to focus sun's rays onto a receiver pipe running along the focal line and containing a flowing fluid, named collectors;
 hydraulic circuit with molten salts that connects the field of reflectors and the storage system, including the control system for controlling the temperature of the salts and the devices for loading and unloading of the salts;
 pumping systems of the salts;
 storage system made of two tanks with a circular section;
 electrical power station equipped with two steam turbines (high and low pressure, respectively), a molten salt steam generator, a condenser with an appropriate cooling system (water or air) and the feed water preheating system.
The reflectors concentrate the sun's rays on the receiver and the heated fluid is transported to the energy conversion system. During this step a part of the fluid can be stored for a successive use. Then the remaining part is utilized to produce electrical energy. The energy conversion system is similar to a common fossil fuel plant utilizing a thermal steam Rankine cycle. Usually, a mineral oil is used but it is expensive and highly flammable, then it can lead to important problems if it leaks at the operating temperature (290°-390°C). For these reasons, it has been considered a fluid constituted by a mixture of salts, sodium and potassium nitrate; this fluid is largely used in the industry because chemically stable until 600°C and without corrosion problems. Moreover, the thermal storage allows to store the solar energy which can be used when the radiation is not present or limited (by night, in presence of clouds and so on).
This is a very important task for each solar plant. In fact the unpredictability of the energy production is the main disadvantage of solar plants, which are usually used by the detractors of the solar energy plants. The thermal storage allows to decouple the collect of the thermal energy from the electrical energy production, i.e. it is not needed to produce and to use the electrical energy just when the thermal energy is collected. In this way it is possible to have a more efficient operation of the electrical generator eliminating the stops due to cloudiness and making the system more compatible with the demands of the electricity grid. Figure 2 reports a simplified scheme of the CSP. Three circuits are present:
1. primary loop, devoted to the harvesting, distribution and storage of the solar thermal energy;
2. secondary loop, where the thermal energy stored in the hot tank is utilized into the steam generator;
3. thermal cycle, where the thermal energy is transformed in the electrical one.
Figure 2 CSP under investigation
The operation principle of the CSP plant under investigation is the following.
When direct solar radiation is present, the thermal fluid, taken from the cold tank at the temperature of 290°C, flows into the receivers and heats up until 550 °C. Then, it is pumped in the hot tank where it is stored. The flow capacity of the molten salts into the primary circuit is adjusted with respect to the solar radiation in order to maintain constant the input temperature of the hot tank. As the molten salts have high temperature of solidification (238°C), it is needed to maintain a minimum flow capacity when the solar radiation is not present or to provide heating systems of the pipes in order to avoid that the fluid temperature falls below it.
When electrical energy is requested, the salts stored into the hot tank are pumped into the heat exchanger, where the steam at high pressure and temperature is produced. Then, the molten salts are collected into the cold tank. As already said, the thermal cycle is similar to a constituted by 6 series-connected collectors and each collector is 100m long and has a span of 5,76 m. Then, one SCA is 600m long while the distance between two SCA is equal to 2 times the span of a collector. Table 2 reports the main parameters of the CSP. Bari, a city in the south of Italy.
PRODUCED ENERGY
The total energy produced by the PV plant is 56 GWh/year, while CSP plant produces 168
GWh/year. This great difference of the produced energy is due to the fact that CSP has the storage system constituted by the hot tank, which allows to produce the same amount of energy also when the radiation is low or inexistent. The storage system of CSP is its strength with respect to other renewable energy sources, which have the weakness of the unpredictability of the produced energy. Tables 3 and 4 report the initial investment for a PV plant and for a CSP plant, respectively. Comparing the total cost/unit (about 1.900,00 €/kWp for PV plant and about 3.450,00 €/kWe for CSP), it can be noted that, nowadays, CSP plant requires a higher initial investment than that necessary for a PV plant with the same rated power.
MAINTENANCE COSTS FOR 20 YEARS
Both the plants show degradation in the energy performance during the whole life-cycle;
for both of them the degradation can be estimated in 0,5% to 1% for year. As CSP plant produces more energy than PV plant, this degradation has worse absolute economic effects for CSP plant than for PV plant. For PV plant the ordinary maintenance costs are equal to 1% of the initial investment for each year, then around 750 k€ per year, while, for CSP plant, the annual maintenance costs are equal to 2%, due to the major complexity of the plant, then the yearly maintenance costs are around 2.600 k€. incentives are linked to the initial investments as co-financing, whereas other times they are linked to the produced energy. This last solution is more interesting because it encourages the plant manager to manage the plant optimally. Usually two typologies of economic benefits can be available: government one related to the energy production (feed-in tariffs) and commercial one related to the selling of the produced energy to the local energy utility company.
As example, Table 5 reports the economic comparison as stated by the Italian law. In Italy, economic incentives for CSP plant and PV plant are regulated by two different laws. It can be noted that the total economic incentive for the CSP plant is equal to three times that related to the PV plant with the same rated power. Moreover, the incentive for the PV plant is limited to 20 years, while the incentive for the CSP plant continues until 25 years. Then larger initial investments of the CSP plant (Table 4) are annually compensated with larger total incentives. To calculate the I.R.R. and the N.P.V. it was necessary to estimate the residual value of the PV and CSP plants. The estimations have been made using the depreciation of 1% per year in the 20 years. So, the residual values has been 80% of the initial investment.
The annual flow, along the total period of 20 years, is the difference between the government incentives and the costs of maintenance. This flow is responsible to turn these projects financially viable. The following Tables 7 and 8 show the I.R.R. and N.P.V. for PV and CSP plants. 
CONCLUSIONS
The paper has proposed a technical-economic comparison between two solar technologies:
photovoltaic one and concentrating one. It results that, for the same rated power and under the same environmental conditions, CSP plant produces more energy than PV plant. This implies that the economic return of CSP is greater. Moreover, the area occupied by CSP plant is smaller than that occupied by PV plant. Nevertheless, the initial investment to install the CSP plant is very higher than that needed to make the PV plant as well as the ordinary maintenance costs.
As usual, there are advantages and disadvantages for each technology. Then, it is not possible to say a-priori that one technology is better than the other one. This paper has highlighted some of the main issues that is needed to take into account before to decide which solar technology is the better one for a specific case.
